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RaAPID RADIOCHEMICAL METHOD FOR CALIFORNIUM -252IN WATER, AIR PARTICULATE
FILTERS, SWIPES, AND SOILS FOR ENVIRONMENTAL REMEDIATION FOLLOWING
RADIOLOGICAL INCIDENTS

1. Scope and Application

1.1. Thismethodprovides for the determination of californie®%2 €>°Cf) in water, air
particulate filters, swipes and sedamples

1.1.1. Californium250 emits alpha particles that are isoenergetic WMHCH.

%I 2e/:zat_)(stl;remerrtesuItsshouldthereforebe reportedn terms of the activity of
f.

1.1.2. The presence of other isogof californium, especially the longéred
250ct, mixed in unknown proportions with relatively shorlisred *>°Cf
impacts the accuracy of decay correction of measured results. See further
discussion in Section 4.

1.2.  The method usesmericium243 ¢**Am) tracer aghe basis for quantification of
252Cf, and asaradiochemicayield monitor

1.3. A sample test source is prepared by microprecipitalibe.test source is counted by
alpha spectrometry féP%CH.

1.4. MQOs:
1.4.1. Water:

1.4.1.1. This method is capable of achieving a required method uncertainty
for °°Cf of 2.0pCil/L at an analytical action level of BpCi/L. To
attainthis measurement quality objectiy®1QQO), asamplevolume
of 0.2 Land count time of at leadthours are recommendk Sample
count times may vary based on differences in instrument parameters
such as detection efficiency and background.

1.4.1.2. Thismethod is capable of achieving a requingidimum detectable
concentration (MDCjor #°°Cf of 1.5pCi/L. To attainthis MQO, a
samplevolumeof 0.2 Landacount time of at leagt hours are
recommendedSample count times may vary based on differences in
instrument parameters such as detecéfficiency and background.

1.4.2. Air Particulate Filter:

1.4.2.1. This method is capable of achieviagequired method uncertainty
for 2°Cf of 0.57pCiffilter at an analytical action level of
4.37pCiffilter. To attainthisMQO, a sample aliquant of one filter
andacount time of at leagt hours are recommende&ample count
times may vary based ahfferences in instrument parameters such
as detectn efficiency and background. The concentration in air
(i.e., pCi/m?) to which this MQO corresponds will vary according to
the volume of air sampled on the filter.
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1.4.2.2.

This method is capable of achievingexjuiredVIDC for %°°Cf of
0.44pCiffilter. To attainthis MQO, a sample aliquant of one filter
andacount time of at least hours are recommende&ample count
times may vary based on differences in instrument parameters such
as detectin efficiency and &ckground. The concentration in air

(i.e., pCi/nf) to which this MQO corresponds will vary according to
the volume of air sampled on the filter.

1.4.3. Swipeor OrganicPolymerBased Air Particulate Filter

1.4.3.1.

1.4.3.2.

1.4.4. Soil:
1.4.4.1.
1.4.4.2.

05-01-2017

This method is capable of achieving a required method uncertainty
for °Cf of 0.12pCilswipeor filter at an analytical action level of
0.89pCi/swipe or filter To attain tis MQO, a sample aliquant of

one swipeanda count time of at leagt hours arerecommended.
Sample count times may vary based on differences in instrument
parameters such as deteatiefficiency and background. For swipes,
the surface concentration activity (i.e., pCifytio which this MQO
corresponds will vary according to the area sampled on the swipe.
Similarly for air filters, the concentration in air (i.e., pCijrto

which this MQO corresponds will vary according to the volume of
air sampled on the filter.

This method is capable of achieving a requitd®C for 2°2Cf of
0.15pCi/swipe or filter To attainthis MQO, a sample aliquant of

one filterandacount time of at least hours arerecommended.
Sample count times may vary based on differences in instrument
parameers such as deteati efficiency and background. For swipes,
the surface concentration activity (i.e., pCifeno which this MQO
corresponds will vary according to the area sampled on the swipe.
Similarly for air filters, the concentration in air (i.pCi/m®) to

which this MQO corresponds will vary according to the volume of
air sampled on the filter.

This method is capable of achieving a required method uncertainty
for ?%Cf of 0.18pCil/g at an analytical action level df38pCi/g. To
attainthis MQQ, a sample weight of gramanda count time of at
least4 hours are recommende&ample count times may vary based
on differences in instrument parameters such as dategfiiciency

and background.

This method is capable of achieving a requikégiC for 2°°Cf of
0.14pCi/g. To attairthis MQQO, a sample weight of gramanda
count time of at leagt hours are recommende&ample count times
may vary based on differences in instrument parameters such as
detecton efficiency and background.
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1.5. This®*f method was singaboratory evaluated following the guidance presented
for Level E Method Validation: Adapted or Newly Developed Methods, Including
Rapi d Me MdithodvalialationiGuide for Qualifying Methods Used by
Radiological Laboratories Partipating in Incident Response ActivitiggPA 2009,
Referencé6.1)) and Chapter 6 d¥lulti-Agency Radiological Laboratory Analytical
Protocols ManualEPA 2004 Referencel 6.2).

1.5.1. Since curium(Cm) and americium are chemical analogs that tctmsely
with californium through the chemical separation, it may be possible not only
to determine other isotopes of californium, but also those of americium (e.g.,
241Am) and curium (e.g2*¥**3Cm) that may be preseint thesample test
source

1.5.2. The sample turnaroul time and throughput may vary based on additional
project MQOs, the time for analysis of tk@mple test sourcand initial
sampleweight /volume.

1.5.3. Multi-radionuclide analysis using sequential separation may be possible using
this method in conjunctiowith other rapid methods (see Appendix A of this
method). Rapid methods can also be used for routine analyses with
appropriate (typically longer) count times.

1.5.4. The methodas implemented at the laboratonyst be validated prior to use
following the protocols provided iklethod Validation Guide for Qualifying
Methods Used by Radiological Laboratories Participating in Incident
Response ActivitigEPA 2009, Rferencel6.]).

2. Summary of Method

2.1. This method idased on the use of extraction chromatography reBEE¢A® + DGA
resins) to isolate and purifyaliforniumby removing interfering radionuclides as well
as othematrix componentsThe method utilizes vacuuassisted flow to improve
the speed of the sedions. Am243 tracer equilibrated with the sampleised as a
yield monitor.

2.1.1. Water samples amoncentrated using calcium phosphate [g{&Ox),]
coprecipitationThe calcium phosphate precipitate is dissolvedload
solution containing ~&olar (M) nitric acid HNOs) - 1 M aluminum nitrate
[AI(NO3)3] beforecontinuing withchemical separations.

2.1.2. Glassfiber or cellulosebasedair particulate filter samples are washed with
repeated additions of nitric and hydrofluoric acids and hydrogen peroxide.
The residues are treated with nitbioric acid, and dissolved inl@ad solution
containing3 M HNOs- 1 M AI(NO 3)3 beforecontinuing withchemical
separations.

2.1.3. Cottontwill swipe and organipolymerbased air particulate filter samples
are dryashed in deaker for 3660 minutesusing a ramped program to
minimize the risk of flashgnition. The residue is transferred to a Teflon
beaker with nitric acid and hydrogen peroxide, digested with hydrofluoric
acid, and taken to dryness. The residues areasledvith nitric acid and
hydrogen peroxidand taken to dryness before being treated with riiiic
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acid and dissolved inlaad solution containind M HNOs- 1 M AI(NO3)sfor
chemical separations

2.1.4. Soils are finely ground before being fuseith NaOHin zirconium crucibles.
The fusion cake is dissolved in water and californium preconcentrated from
thealkaline matrix usingrairon/titanium hydroxide precipitation (enhanced
with calcium phosphate precipitation) followed by a lanthanum fluoride
matrix removal steplhe fluoride precipitate is dissolved with nittoric
acid and diluted in nitric acid and aluminum nitrate tddyeeload solution
containing ~3M HNOs-1 M AI(NO3)s.

2.1.5. The sizeof the sample aliguant may need to be decrefsezhmples
containing high alpha activity. This may require delay of addition of the tracer
after the sample has been dissolved and split, @udwequire that the
appropriate dilution factdve applied.

2.2. Extraction chromatography resins (TEVA DGA resins)are then usetb isolate
and purifycalifornium and americiurby removing interfering radionuclides and
other matrix components. Followirmpemical separation of Cm and Am, the sample
test source (STS) is prepared by microprecipitation withybCeF

2.3. The alpha emissions from the source are measured using an alpha spectrometer and
used to calculate the activity OfCf in the sample.

3. Definitions, Abbreviationsand Acronyms

3.1. Analytical Protocol Specifications (APS). The output diir@cted planning process
thatcont ains the projectds analytical dat a
concise form.

32 Analytical Action VLevedct(iAdArslsedtaldehmbet er m
the value of @uantity that will cause the decisiomaker to choose one of the
alternative actions.

33. Discrete Radioactive Particl etterifaDRPs or
sample of any matrix where a high concentration of radioactive material is contained
in a tiny particlgdmicron (m) rang@. .

3.4. Multi-Agency Radiological Analytical Laboratory Protocols Man(MARLAP)
provides guidance for the planning, implertagion, and assessment phases of those
projects that require the laboratory analysis of radionuc({i@B# 2004 Reference
16.22).

3.5.  Measurement Quality Objective (D). MQOs are the analytical data requirements
of thedataquality objectives andre projector programspecific. They can be
guantitative or qualitative. MQOs serverasasurement performance critesia
objectives of thanalytical process.

3.6. RequiredMethod Uncertaintyyyr). The requirednethod uncertaintig a target value
for theindividual measurement uncertainties, and is an estimabeceitainty (of
measurement)eforethe sample is actually measured. The required method
uncertainty isapplicable below an AAL.

1)
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3.7. Required Relative Method Uncertainfy,g). The relative required method
uncertainty is theiyr divided by the AAL and is typically expressed as a percentage.
It is applicable above the AAL.

3.8. Sample Test Source (STS). This is thmafiform of the sample that is used for
nuclear counting. This form is usually specific for the nuclear counting technique
used in the method such as a solid deposited on a filter for alpha spectrometry
analysis.

4. Interferences
4.1. Radiological

4.1.1. Alpha emissios from?*°Cf fall in the same region &3°Cf and cannot be
differentiated from those GP°Cf using alpha spectrometric determinations.
Alpha spectrometry measuremesit®uld be reported in terms of the activity

of 252/25(tf.

4.1.1.1. If alpha spectrometry measumnents show activity in the regiof
interest for’>°Cf, confirmatory measurementsfCf may be
possiblebased orfission fragment analysissingan internal gas
ionizationdetectomwith bias voltage set below the point where alpha
particles result in measureable signal (e.@20%olts).

4.1.1.2. Fresh californium sources routinely contain significant quantities of
250cf with a halflife of 13.08 years (typical levels in a fresh source
are10%). As californium sources age, however, loAyed
isotopes contribute more to the relative activity of the mixture.

4.1.2. Since alpha spectrometry measurements does not differentiate bétf@fen
and?*Cf, decay correctionisased on the halife of 2*Cf will impart a
positive bias to results asixtures ageThe effect can be minimized by
keeping the time between the activity reference date (i.e., collection or
standard reference date) short, or, if acceptable to the user of the data, by
reporting theactivity at the time of the measurement. It is recommended that
QC sample known values be updated frequently (e.g., every month) to
minimize the effect on the evaluation of method performafceericium
and curium are chemical analogs of californium amednet separated from
californium using the separation scheme in this method. Several americium
and curium isotopes emit alpha particles in the same energy region of interest
(ROI) as doed>’Cf. These includé*Cm,***Cm, and***Cm which have also
alphaemissions outside of the ROI fofCf. While these radionuclides are
not normally present in californium sources, if their presence is suspected, the
alpha spectrum may be monitored for their alpha emissions outsitféGhe
region of interest and dataajified or corrections made as appropriate.
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4.1.3.

4.1.4.

4.1.5.

4.1.6.

4.1.7.

05-01-2017

Radionuclidef other elements (or their shéited progeny) that emit alpha
particles that are isoenergetic WithCf (e.g., Bismutk212 ¢*°Bi) at 6.1 MeV
supported by?®*Th and/or"*"Ra) must be chemicallseparated tprevent
positive interference with thmeasurement. This methetfectivelyseparates
these radionuclides. For examplgharium removal rinse is performed on
DGA resin in the event that any thorium ions pass thraUgA® Resin onto
DGA resin.

DGA has very high affinity for both Cf and Am. The retention of californium
on DGA, however, is higher than that of Am. The use oft#fem tracer for
guantification assumes that both californium and americium are quantitatively
removed from the caimn at the time of elution. The separation scheme
employed is designed to ensure that two constituents, nitrates and lanthanum
(La), will not interfere with this elution.

4.1.4.1. Residual nitric acid can increases the affinity of californium relative
to americium. Hydrochloric acid rinsing prior to and during elution
flushes residual nitrate from the column prior to elution and to
facilitate complete elution of californium and amcarm.

4.1.4.2. The bioxalate elution step very reliably strips all californium and
americium from DGA. If residual lanthanum is still present on the
column when the bioxalate is added, however, there is a chance that
lanthanum will precipitate, physically trappgicalifornium and
americium on the column. Latduting californium could
preferentially be retained on the resin and a bias could result. The
method for soil samples therefore contains steps designed to
effectively flush lanthanum from the column priordiation with the
bioxalate.The method pertaining to soil samples, therefore, contains
steps designed to effectively flush La from the column prior to
elution with the bioxalate.

Thedilute nitric acid rinse performed @GA resinfor soil samples is
desgned toremove Ca anthnthanum i(a) ions which could end up on the
final alpha source filteand coprecipitate with ceriuftuoride. If elevated full
width at half maximum (FWHM) values for the tracer indicate degraded
resolution, it is possible that thsdue to inadequate decontamination from
La or Ca. $ghtly increasing therolumeof the lanthanum rinse steps would
helpremove Ca and La ions and improve alpha peak resol@ioch
changes, however, shoudé validated by the laboratory.

Vacuum box ld and holeshouldbe cleaned frequently to prevent cross
contamination of samples.

Zirconium crucibles used in the furnace ashing and fusion process may be
reused.

4.1.7.1. Before reuse, the crucibles should be cleaned very well using soap
and water, followed biot nitric acid (multiple rinses) and then
water. Blank measurements should be monitored to ensure effective
cleaning and control against cresmtamination.
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4.1.7.2. Segregation of crucibles used for low and high activity samples is
recommended to minimize theski of crosscontamination while
maximizing the efficient use of crucibles.

4.2. Non-Radiological:

4.2.1. Anions that can complesalifornium and americium, includirftuoride and
phosphatemay lead talepressegtields. Boric acid addetb the load solution
will complex residual fluoridaons,while aluminumin the load solution will
complexphosphatéonsthat may be present.

4.2.2. High levels ofCapresent in soil samplesayhave aradversempact on
retention of californium andmericium retention on DGAesin.Themethod
is designed to minimize Ca interfereran@ enhance californium and
americiumaffinity by increasing thaitrate concentratiom the load and
initial rinse solutionsA dilute nitric acid rinse is performed on tB&A resin
to minimize residual Cehich could otherwise end um the sample test
source ashefluoride. For samples containingspeciallyelevated
cor33Xentrationof Ca,it maybeadvisable to slightly increase the volume
of this rinse step to better remo&aions and possibly improvapha peak
resolution. This modification must be validated by the laboratory prior to use
with samples

5. Safety

5.1. General

5.1.1. Refer to your safety manual for concerns of contamination control, personal
exposure monitoring, armadiation safety manual foadiaton dose
monitoring.

5.1.2. Refer toyourlaboratory shemical hygiene plan (or equivalent) for general
safety rules regarding chemicals in the workplace.

5.2. Radiological

5.2.1. Hot particles (DRPs)

5211. Hot particles, also termed Adiscre
will be smallusually much smaller thahmm Typically, DRPs are
not evenly distributed in the media and their radiation emissions are
anisotropidi.e., notuniform in all directions).

5.2.1.2. Samples containing measureable activitf°6Ef may have DRPs. If
susgended solids are removed by filtration, they should be checked
for potential radioactivity.

5.2.1.3. Californium present in DRPs may not be chemically available, and
will not be determined, unless it is dissolved prior to chemical
separation.

5.2.2. For samples with dettable activity concentrations of these radionuclides,
labware should be used only once due to potential for cross contamination.
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5.3.

ProcedureSpecific NoaRadiological Hazards: Particular attention should be paid to
the use of hydrofluoric acid (HF). HF a& extremely dangerous chemical used in the
preparation of some of the reagents and in the microprecipitation procedure.
Appropriate personal protective equipment (PPE) must be used in strict accordance
with the laboratory safety program specification.

6. Equipment and Supplies

6.1.
6.2.
6.3.
6.4.
6.5.
6.6.
6.7.
6.8.

6.9.

6.10.
6.11.

6.12.

6.13.
6.14.

6.15.

Alpha spectrometer calibrated for use oaeangethat includes 4 and 7MeV.
Analytical balance with 18 g readability.

Centrifuge tubes, 22B1L, 50-mL capacity, or equivalent.

Centrifuge to accommodateentrifugetubes.

Crucibles, 30-mL, zirconium, with lids.

Heat lamp

Hot Plate.

Laboratory ware of plastiglass or Teflon 150, 250-, 500- and 1,00emL
capacitiesas needed

Oven capable of temperatures ranging from-@00 °C.
Pipettor, éectronig and appropriate pbtic tips 1-10 mL as needed.

Pipettors, manuagnd appropriate plastic tips00- microliter ¢ [, 200 L , -¢5L0 O
and tmL, or equivalentas needed

Sampletest sourcenounts
6.12.1. Polypropylen€filter, 0.1-e m p o r e-mm diameteror @gbivalent.

6.12.2. Stainless steel planche@dhesive backed disks.g.,Environmental Express,
Inc. P/N R2200pr equivalent (calibrated f&5-mm filter geometry)

Tweezers.
Vacuum boxsystem

6.14.1.Vacuum box/rack (e.ggichromTechnologies, Inc., Lisle, Ipart number
AC-24-BOX), or equivalent.

6.14.2.Cartridge reservoirs, 1@r 20mL syringe style with locking device, or
columns é.g.,emptyLuerlock tip, Image Molding, Denver, C@art number
CC-10-M) plus 12mL reservoirsé€.g.,Image Molding, Denver, CQart
numberCC-06-M), or equvalent

6.14.3.Vacuum box tips, white inner, Eichrohechnologies, Inc., Lisle, Ipart
number AG1000 TUBE-PE or PFA 5/32'% ¥4" heavy wall tubing
connectors, naturaole Parmeinstrument Company, LLCVernon Hills,
IL, part numbef0070EE, cut td inch, or equivalent.

6.14.4.Vacuum box tips, yellow outer, Eichrofechnologies, Inc., Lisle, Ipart
number AG1000-OT, or equivalent.

6.14.5.Laboratory \acuumsource
Vortex mixer.
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7. Reagents and Standards

NoOTE: All reagents are American Chemical Society (ACS) reage grade or equivalent unless otherwise
specified.

NOTE: Unless otherwise indicated, all references to water should be understood to mean Type | Reagent
water (ASTM D1193,Reference 16.4 All solutions used in microprecipitationshould be prepared with
water filtered through a 0.45e m (or better) filter.

NOTE: Low-levels of uranium are typically present in AI(NQ)a.

7.1.  Aluminum nitrate solution, : Add 750 g of aluminum nitrate (AI(N§s A9 H,0)
to ~500 mL of water and dilute tl liter with water.

7.2.  Americium243 tracer solutioin 10-40 dpm of**Am per aliquant.

7.3.  Ammoniumbioxalate solution, 0): Dissolve 6.3 g of bC,04 A2 H,O and 7.1 g of
(NH4)>C,04 AH,0 in 900 mL of water, filter, and dilute to 1 liter with water.

7.4.  Ammoniumhydrogen phosphat8.2M: Dissolve 106 g of (Nig,HPO, in 200 mL of
water, heat gently to dissolve and dilute to 250 mL with water.

7.5. Ammonium hydroxide15M: Concentrated NFOH.
7.6.  Ammonium oxalate monohydrai@Hy),C,0, AH,0.

7.7. Ascorbic acid1.5M: Dissolve66 g GHgOg in 200 mL of water, warming gently to
dissolve, and dilute to 250 mL with water. Shelf life is 30 days or less.

7.8. Calciumnitrate, 1.25M Dissolve73.8g of Ca(NQ;), A4 H,0 in 100 mL of water and
dilute to 250 mL with water.

7.9. Californium252 tracer solutiori 10-40 dpm of*°Cf per aliquant

7.10. Cerium carrier, 0.5 mg Ce/mL: dissolve 0.16 g Ce{N®@6 H,O in 50 mL water and
dilute to 100 mL with water.

7.11. DGA resin normal,2-mL cartridge, 50to 106mm mesh size, Eichrom
Technologies, Inc., Lisle, Ipart number DAR50-S, or equivalent.

7.12. Ethanol,95%: ReagenC;HsOH, or mix 95 mL 100% ethanol and 5 mL water.

7.13. Hydrochlorc acid, 12M: Concentrated HCI

7.13.1.Hydrochloric acid 0.01M: Add 0.83 mL of concentrated HCI to 500 naf
water and dilute with waterto 1 L.

7.13.2.Hydrochloric acid0.25M: Add 21 mL of concentrated HCI to 500 mL of
water and dilute with waterto 1 L.

7.13.3.Hydrochloric acid 15M: Add 125mL of concentrated HCI to 500 mL of
water and dilute with waterto 1 L.

7.13.4.Hydrodloric acid 3M: Add 250mL of concentrated HCI to 500 mL of water
and dilute with water to 1 L.

7.13.5.Hydrochloric acid 4M: Add 333mL of concentrated HCI to 500 mL of water
and dilute with water to 1 L.

7.14. Hydrofluoric acid, 28M: Concentrated HF
7.15. Hydrogen peroxid, 30 weight percent (wt.%4H>0,).
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7.16.

7.17.

7.18.

7.19.

7.20.

7.21.

7.22.
7.23.

7.24.

7.25.
7.26.

7.27.

7.28.

Iron carrier4 mg/mL: Dissolvel4 g of ferric nitrate (Fe(Ng)z A H90) in 300 mL
water and dilute to 500 mL with water.

Iron carrier, 50 mg/mL: Dissolve 181 g of ferric nitrate (FegN@ HS0) in 300
mL water and dilute to 500 mL with water.

Lanthanum carrier1.0 mg L&*/mL: Dissolve1.56 g lanthanum (Ill) nitrate
hexahydrate [La(Ng) 3 A6 H,O] in 300 mL wateanddilute to 500 mL with water.
Nitric acid, 16M: Concentrated HN©

7.19.1.Nitric acid, 0.075M: Add 4.7 mL of concentrate¢HNO3 to 700 mL of water
and dilute to 1 L with water.

7.19.2 Nitric acid, 0.1M: Add 63 mL of concentrate¢éHNO5 to 700 mL of water and
dilute to 1 L with water.

7.19.3.Nitric acid, IM: Add 63 mL of concentrate¢HNO5 to 700 mL of water and
dilute to 1 L with water.

7.19.4.Nitric acid, 3M: Add 19 mL of concentrate¢HNO3 to 700 mL of water and
dilute to 1 L with water.

7.19.5.Nitric acid, 6M: Add 38 mL of concentrate¢HNO3 to 500 mL of water and
dilute to 1 L with water.

7.19.6.Nitric acid, 7M Add 443 mL of concentrate¢HNO5 to 500 mL of water and
dilute to 1 L with water.

Nitric acidi boric acid, 3M710.25V: Add 155 g of H3BO3; and 190 mL of
concentrated HN@o 500 mL of water, heat to dissolve, and dilute to 1 liter with
water.

Nitric acid, 3M T hydrofluoric acid 0.25M:Add 8.9 mL of concentrated HF and(19
mL of concentratetHNO3 to 700 mL of water. Dilute to 1 liter with water and mix
well.

Oxalic acid dihydrate, 5C,0, A2 H,O.

Phenolphthalein indicator solution, 0.5 wt.%{;40,): Dissolve 0.5 g
phenolphthalein in 100 mL ethanol (95%).

Sodium nitrite solution3.5M: Dissolve 60 g of NaNG; in 25 mL of water. Prepare
fresh daily.

Sodiumhydroxide pellets

Sulfamic acidsolution, 1.5/4: Dissolve 728 g of H3NSG;in 400 mL of water ad
dilute to 500 mL with water.

TEVA® resini 2-mL cartridge, 50to 106mm mesh size, Eichroffiechnologies,
Inc., Lisle, ILpart number TER50-S and TER200 S, or equivalent.

Titanium (1) chloride solution, 10 wt.% in 280 wt.% HCI.

Note: If 10 wt.% TiCl zis not available,other concentrations of TiCk (e.g., 1220%) may be usedf the
amount is adjusted based on the assay of the solutitmdeliver the same or slightly moretitanium . For
example, if 17wt.% TiCl s is used, the volume added may be dexasedto 3 mL.

8. Sample Collection, Preservation, and Storage
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8.1. Water samples:

8.1.1. No sample preservation is needed if sample analysis is initiated within three
days of sample collection.

8.1.2. If sample analysis is not started within three days of saogtlection, add
concentrated HNgXo achieve a pH<2 and then store for at least 16 hours
prior to analysis.

8.1.3. If the concentration of americium in the dissolved fraction is sought, the
insoluble fraction must be removed by filtration before preservingauwiith

8.2. No sample preservation is needed for air particulate filters, swipes, or soil samples.

9. Quality Control

9.1.

9.2.

BatchQC results shall be evaluated and meet applicable AnalyRicabcol
Specifications (APS) prior to release of unqualified data. In thenalesof project
defined APS or a project specific quality assurance project plan (QAPR)(Cthe
sample acceptance criteria defined in the laboratory quality manual and procedures
shall be used to determine acceptable performance for this method.

9.1.1. OnelLaboratory Control Sample (LCS) shall be run with each batch of
samples. The concentration of the LCS should be at or near the action level or
level of interest for the project.

9.1.1.1. Although the relative concentration BfCf and®°Cf is not known
for sampls, it should be known for standards. The expected value
for the LCS should be calculated as the sum of the activiy/©f
and®*°Cf decay corrected to the reference date for the measurement
(e.g., collection date) before comparison to the measured value

9.1.2. One method blank shall be run with each batch of samples. The laboratory
blank should consist afemineralized water

9.1.3. One laboratory duplicate shall be run with each batch of samples. The
laboratory duplicate is prepared by removing an aliquant frorartgmal
sample container.

9.1.4. A matrix spike samplés not required as a chemical yield tracer is used in
each sample.

The source preparation method should produce a sample testisouhieh thefull

width-at-half-maximum (FWHM)for the tracer peais less than 100 keV.

9.2.1. Each spectrum should be reviewed for evidence of peaks that overlap or
evidence of interference with the tracer or analyte peaks.

9.2.2. The sample test source may requeprocessingo remove interfering mass
the FWHM maximumcannot be ddevedand there are any indications that
degraded resolution maaveimpacedthe quantification of>*Cf.

10. Calibration and Standardization

! This helps minimize interference from other akghmitting isotopes.
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101. Set up the alpha spectrometry system acco
recommendationsonsistent wittASTM Standard Practice D7282, Sect@B,
AAl pha Spleitiakinstoument Setypd Referencel6.3. The energy range
of the spectrometry system shouldrahimumincludethe range that encompasses
4.5 and 7.0 MeV.

10.2. Establish initial instrument QCs as described in ASTM Standard Practice D7282,
Sectionl10l 5, Al ni ti al I nstrument @@ual ity Cont

10.3. Calibrate each detector used to count samples according to ASTM Standard Practice
D7282, Section 18, nAl pha Speadaaléetry 1| n

10.4. PerformContinuing Instrument Quality Control Testing according to ASTM Standard
Practice D282, Sections 20, 21,and,24 iCont i nui ng I nstrument
Testingo and AQuality Control f 613. Al pha S

11.Procedure

11.1. Preparation of Water Samples

NOTE: This sectionaddresses the analysis of solubtalifornium only. Solid material, if present, must be
removed from the sample prior to aliquanting by filtering the unpreserved sample aliquant through a
045em filter. The solid materi al may be screened for 1

NOTE: If a sample aliquant larger than 200 mL is needed, the aliguant may be added to a large beaker,
heated on a hot plate to near boilingreagents addedwith stirring , and then allowed to cool and settle.
After pouring off enough of the supernate, the pregitate may be transferred to a225mL tube, rinsing
the beaker well with water, and centrifuged.

11.1.1.Aliquant 200 mLof sample into 225 mL centrifuge tube

11.1.2.Set up an empt25-mL centrifuge tubdor use as a reagent blas&mple.

11.1.3.Acidify eachsample by addg enough concentraté@il6M) HNOs to at least
reacha pH of less than 2. This usually requires about 2 mL of kd&D 1000
mL of sample.

11.1.4.Set up daboratory control sampley adding a known amount 8¥Cf to a
225mL centrifuge tube

11.1.5.Add 1040 dpm of***Am tracerto each sampJdollowing laboratory protocol.

11.1.6.Add 1 mL of 125M Ca(NG),, 3 mL of 3.2M (NH,4).HPQ, solution and B3
drops of phenolphthalein indicator to each beaker.

11.1.7.Slowly add concentratgd 5M) NH,OH with a squeeze bottte centrifuge
tube Add enough NHOH to reacha dark pinkphenolphthalein end point and
form Ca(POy), precipitate Cap and mix tubes and centrifuge at 2000
rotations per minute (rpm) or more for ~5 minutes.

11.1.8.Decant supernatant solution and discard to waste.

11.1.9.Dissolve the calcium phosphate precipitate withL of 6M HNOs; and 7 mL
2.0M AI(NOg)s. If the residue volume is large, or if residual solids remain, an
additional 5 mL3M HNOs; may be needed to obtain complete dissolution.

11.1.10Continue with Section 18, RapidCalifornium Separation usingEVA® and
DGA resins
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11.2. Sample Preparation for Furnace Ashing and Acid Digestion of Swig@sjanic
PolymerBased Air Particulate Filters

NOTE: The sample and associated QC samples may be split after digestion to provide a bagkfraction.

11.2.1 Aliquant the atire sample into a 15€nL glass beaker.
11.2.2.Set up an empty 15@1L glass beaker for use as a reagent blank
11.2.3.Set up an LC®y adding a known amounf *>°Cf to a150-mL glass beaker.
11.2.4.Add 10-40 dpm“**Am tracerto the blank, LCS, and sample beakfelfowing
laboratory protocol.
11.2.5.Heat beaker with swipe on hot plate to dryness.
11.2.6.Place beaker in furnace at 280 and ramp to 550 °Glold for 30 to 60
minutes.Remove from oven and allow to cool.
11.2.7 Digest furnaceashedsampleas follows:
11.2.7.1Add 5 mL concentrated6M) HNOsto the glass beaker and 1 ml of
30 wt.% hydrogen peroxide ¢B,), warm on a hot plateith
mediumheat to dissolve residand transfer to 25ML Teflon
beaker.
11.2.7.2Add 5 mL concentrated HN{o the glass beaker and 1 ml of 30
wt.% H,O,, warm on hot plate and transfer the rinse the Teflon
beaker.
11.2.7.3If necessary to remove any sample residue, add 3 mL concentrated
HNOzand 1 ml 30 weo HO; to the glass beaker, warm on hot plate
with medium heat and add rinse to the Teflon beaker.
11.2.7.4Add 2 ml concentrated (28M) HF to each beaker. Evaporate to
dryness.
11.2.7.5Add 3 mL concentrated HNfand2 ml 30 wt.% HO, and evaporate
to dryness.
11.2.7.6 Add 3 mL caocentrated HN@2 ml 30 wt.% HO, and 3 mL 3M
HNO3-0.25M boric acid and evaporate to dryness.
11.2.7.7 Dissolve the sample residue by adding 7 mL 6M HNX®each
beakerwarmingon a hot plate.
11.2.7.8Add 7 ml 2M Al(NOs)3. Swirl to mix well.
11.2.7.9Continue withSection11.5 Rapid Californium Separation using
TEVA® and DGAresins.

11.3. Sample Preparation for Air Particulate Filter Samples

NoOTE: This method is effective for cellulosébasedor glassfiber air filters. The sample and associated
QC samples may be split after digestion to provide a baelp fraction.

11.3.1 Aliquantthea t i i é 0 2 a ir into & 2bGmL Teeflon beaker.

11.3.2.Set up an empty 25@L Teflon beaker for use as a reageminkl sample.

11.3.3.Set up a laboratory control samplg addinga known amounof *°Cf to a
250-mL Teflon beaker.

11.3.4.Add 10-40 dpm®**Am tracer toall sampledollowing laboratory protocol.

11.3.5.Digest air filters as follows:
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11.3.5.1Add 5 mL concentrated HN{5 ml concentrated HF, and 2 ml of 30
wt.% H,0,. Evaporate to dryness on a hot plate with medium heat.

11.3.5.2 Add 3 mL concentrated HN{nd 2 ml of 3@wt.% H,0O, and take to
dryness.

11.3.5.3Repeat Steft1.3.5.2two more times (or as needed to achieve
complete digestion)

NOTE: Step11.3.5.2may be repeated as needed to effect complete digestion of the
sample matrix.

11.3.5.4Add 3 mL concentrated HN{2 ml 30wt.% H,O, and 3 mL 3/
HNO3-0.25M boric acid and evaporate to dryness.

11.3.5.5Dissolve the sample residue by adding 7 mL 6M HN®each
beakerwarmingon a hot plate.

11.3.5.6 Add 7 ml 2M AI(NOs)3. Swirl to mix well.

11.3.5.7 Continue withSection115, Rapid Californium Separation using
TEVA® and DGAresins.

11.4. Fusion of soil samples

11.4.1.In accordance with the DQOs and sample processing requirements stated in
the project plan documents, remove extraneous materials frosonitlsample
using clean forceps or tweezers.

11.4.2.Set up an emptgruciblefor use as a reagent blas&kmple.

11.4.3.Set up daboratory control sampley adding a known amount 8¥Cf to an
empty crucible

11.4.4 Weigh out a representative, finely ground aliquant ofdry sample into a
crucible.

11.4.5.Add 10-40 dpm***Am tracer toall sampledollowing laboratory protocol

11.4.6.Place crucibles on a hot plate aalleto drynessat medium heta

NoOTE: Heat on medium heat to dry quickly but notso high as to cause splattering

11.4.7.Remove crucibles from hot plate and allow to cool
11.4.8.Add 15 g NaOHof sodium hydroxideo each crucible.
11.4.9.Place the crucibles with lids in the 680 furnace using tongs.
11.4.10Fusesamples in therucibles for ~15 minutes.

NOTE: Longer times may be needed for larger particles

11.4.11Remove hot crucibles from furnace very carefully using tonggramsfer to
hood.

11.4.12Add ~2550 mL of water to each crucible ~8 to 10 minutes (or longer) after
removing crucibles from furnacandheaton hotplate to loosen/dissolve
solids

11.4.13Transfer each fused sample t826-mL centrifuge tube, rinse crucible well
with water, and transfer rinses to each tube.

11.4.14If necessaryo obtain completdissolution, add more water andrm as
needed on a hotplatéransfer the rinse to the 228L tube. If needed, repeat

05-01-2017 16 Revision 0



RapidRadiochemiaddkthod fd££252in Water, Air Particulate Filters, Sanp&sjls

this step until albolids have been dissolved and transferred to the centrifuge
tube.

11.4.15.Add 10 mL 3M HNQto each crucible and heat crucibles on a hot plate until
hot. Transfer the 3M HNg&Xinse to the 228nL tube, followed by additional
rinses of water.

NOTE: The iron (Fe) and La carriers may be added to the 225nL centrifuge tube before adding
the dissolved sample

11.4.16.Pipet 2.5 mL of iron carrier (50 mg/mland 3 mL1.0 mg La/mL intahe
225mL centrifuge tube.

11.4.17.Dilute each sample to approximately 180 mL with water.

11.4.18.Cool the225-mL centrifuge tube in an iogaterbath to approximately room
temperaturgas needed.

11.4.19.Pipet2 mL 1.25M Ca(NG;),and5 mL 3.2M (NH4),HPO;, into each tubeCap
tubes and mixvell.

11.4.20.Add 5mL of 10wt.% TiCl3 to each tubeCap and mix immediately

NoTE: If 10wt.% TiCl 3 is not available, other concentrations offiCl 5 (e.g., 1220%) may be
usedif the amount is adjusted based on the assay of the solution to deliver the same or slightly
more titanium. For example, f 17 wt.% TiCl ; is used the volume may be decrasedto 3 mL.

11.4.21.Cool the225mL centrifuge tubes in an icgaterbath for -5 minutes.
11.4.22.Centrifuge tubes for 6 minutes &2 rpm

11.4.23.Pour off the supernate and discard to waste.

11.4.24.Add 1.9M HClI to a total volume of 80 mL to redissolve each sample.
11.4.25.Cap and shakeach tube to dissolve solids as well as possible.

NoTE: There will typically be undissolved solids, which is acceptable.

11.4.26.Dilute each tube to ~170 mL with OJIIHCI. Cap and mixvell.
11.4.27.Pipet 1 mL of 1.0 mg La/mland 0.5 mL 1.25M Ca(N§), to each tube.
11.4.28.Add 3 mL of 10wt.% TiCl3z into each tubeCap and mixmmediately.

NoTE: If 10wt.% TiCl 3 is not available, other concentrations ofiCl 3 (e.g., 1220%) may be
usedif the amount is adjusted based on the assay of the solution to deliver the same or slightly
more titanium. For example, F 17 wt.% TiCl 3 is used the volume may be decreasedo 2 mL.

11.4.29.Add 5 mL of concentrate@@8M) HF into each tubeCap and mix well.

11.4.30.Place tubes in an io@aterbath for ~10 minutes to get the tubes very cold.

11.4.31.Remove the tubefsom the ice water bath and wait 5 minutes, themicfuge
for ~10 minutes at 3000 rprar longeror as needed.

11.4.32.Pour off supernate and discard to waste.

11.4.33.Pipet 5 mL of 31 HNOs- 0.25M boric acid(HsBOg3) into each tube.

11.4.34.Cap, mix and transfer contents of the tube into a laliedL centrifuge
tube.

11.4.35Pipet 6 mL of M HNO3z and 7 mL of 21 aluminum nitrat§ AI(NO3)3) into
each tube, cap and mighake or use a vortex stirreryansfer rinse t&0-
mL centrifuge tube.
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11.4.36Pipet 3ml of 3V HNO;s directly into the50-mL centrifuge tube.

11.4.37Warm eaclb0-mL centrifuge tube in a hot water bath for a few minutes,
swirling to dissolve.

11.4.38Remove eacb0O-mL centrifuge tube from the water bath and allow to cool to
room temperature

11.4.39Centrifuge th@ubes at 800 rpm for 5 minutes to remove any traces of solids
(may not be visible prior to centrifuging)

11.4.40Transfer solutions to labeled beakers or tubes for further processing. Discard
any solids.

11.4.41Continue withSection 11.5Rapid Californium Separatiorsing TEVA® and
DGA resins.

11.5. Rapid Californium Separation using TEVAnd DGAresins

NoOTE: A smaller volume of the total load solution may be taken and analyzed as needed for very high activity
samples, with appropriate dilution factor calculations applied.

11.5.1.Add 0.2 mL of 15M sulfamic acidH3NSGOs) to each solution. Swirl to mix.

NoTE: If a smaller volume was taken instead of the total load solutions, this smaller volume
should be diluted to ~15 mL with3M HNO3before proceeding with the valence adjustment.

NOTE: If Neptunium-237 ¢¥'Np) is potentially present in the sample, also ad@.5 mL of 4 mg/mL
iron carrier to enhanceneptunium reduction to Np**. The addition of ascorbic acidin the next
stepwill convert Fe** to F&** and ensure removal ofneptunium on TEVA® resin.

11.5.2.Add 1.25 mL of 156M ascorbic aciqCsHgOg) to each solution. Swirl to mix.
Wait 3 minutes.

NOTE: Plutonium, if present, will be adjusted to Pd* to ensure retention and removal on TEVA
resin. A small amount of brown fumes results from nitrite reaction with sulfamic acid. The
solution should clearwith swirling. If the solution does not clear (is still dark) an additional small
volume of sodium nitrite may be added to clear the solution.

11.5.3.Add 1 mL of 35M NaNQ; to each sample. Swirl to mix.

NOTE: The load solution nitrate concentration is increaseafter valence adjustment to provide
greater retention of californium and americium and more effective removal of calcium on the
DGA resin.

11.5.4.Add 1.5 mL concentrated 6M) HNOszto each sample and swirl to mix.

NOTE: The steps in this section were optimizetbr a commercially available filtration system.
Other vacuum systems may be substituted here. The cartridges may be set up and conditioned
with nitric acid so that they are ready for column loading just prior to completion of the valence
adjustment steps.More than one vacuum box nay be used to increase throughput.

11.5.5.Set upTEVA® andDGA cartridges on the vacuum box system
11.5.5.1Place the inner tube rack (supplied with vacuum box) into the
vacuum box with the centrifuge tubes in the rack. Place tloanlide
vacuum box system.

05-01-2017 18 Revision 0



RapidRadiochemiaddkthod fd££252in Water, Air Particulate Filters, Sanp&sjls

05-01-2017

11.5.5.2 Place the yellow outer tips into all 24 openings of the lid of the
vacuum box. Fit in the inner white tip into each yellow tip.

11.5.5.3For each samplassemblea TEVA® and a DGAcartridgeand lock
theseonto the inner white tipdGA cartidge belowTEVA®).

11.5.5.4 Place reservoirs on the top end of TH&VA® cartridge.

11.5.5.5.Seal unused openings on the vacuumlippinserting yellow caps
included with the vacuum box into unused white tips to achieve good
seal during the separation. Alternatgdigstic tape can be used to
seal the unused lid holes.

11.5.5.6.Turn the vacuum on and ensure proper fitting of the lid.

11.5.5.7Add 5 mL of 3 HNOjs to the column reservoir to precondition the
TEVA® cartridges.

11.5.5.8 Adjust the vacuum to achieve a floate of ~1 mL/min.

IMPORTA NT: Unlessthe method specifieotherwise, use a flow rate of ~ 1 mL/min for
load and strip solutions and ~ 23 mL/min for rinse solutions.

11.5.6 TEVA® andDGA resin Separation

11.5.6.1Transferthe loadsolution from Stefd 1.5.4into the appropriate
reservoir. Allow stution to pass through the stackBEVA® +
DGA cartridge at a flow rate of ~1 mL/min.

11.5.6.2Rinse each tube/beaker whmL of &M HNO; and transfethe
solution to the appropriate reservoir (the flow rate can be adjusted to
~2 mL/min).

11.5.6.3Rinse the columns with mL of 6M HNO3 (~2 mL/min).

11.5.6.4.Turn off vacuum, discard rinse solutions and rembEyA®
cartridges. Discar@EVA® cartridges andeservoirs anglace new
reservoirs on thB®GA cartridges.

11.5.6.5Rinse each DGA column with 10 mL of 3M HCI at ~2 mL/min.

11.5.6.6 Rinse each DGA column with 3 mL of 1M HN@t ~2 mL/min.

11.5.6.7 Rinse each DGA column with 28L of 0.IM HNOs at~1-2
mL/min.

11.5.6.8If lanthanum was used in alkaline fusion preconcentration steps (i.e.,
soil matrix), add a 5 ml rinse of 0.075M HMN{ remove La from
DGA resin at ~32 mL/min.

NOTE: The rinses with dilute nitric acid remove uranium while californium and

americium are retained. Precipitation of uranium is also inhibitedduring
microprecipitation by adding hydrogen peroxide to ensure uranium ipresent asuO,>".

NOTE: If problems with peak resolution are encountered, the volume of the 0.0Rb

HNO; rinse may need tobe increased to 10 ml or 15 ml to more effectively remove

lanthanum.

11.5.6.9Rinse each column with I8L of 3M HNOsi 0.25V HF at~1-2
mL/min to complex andemovethoriumfrom the DGAresin.

11.5.6.10Rlace a fresh reservoir onto each column to minimize residual
fluoride.

11.5.6.11Rinseresidual fluoriddrom each DGA column with gL of 4M

HCl at~2 mL/min.
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11.5.6.1Placeclean, labeled plastic tubes in the tube nawtter each
cartridge Also place cleartonnector tip®n each columprior to
Cf/Am elution.

NOTE: Traces of lanthanum used in the soil method can precipitate as an oxalate and
lead to coprecipitation and loss of californium on the DGA cartridge. It is therefore
very important to minimize residual lanthanum with the 0.25M HCI eluent step prior to
adding ammonium bioxalate to fully elute californium from the DGA resin.

11.5.6.13Elute californium andamericiumby addinglO mL of 0.25M HCI
solutionto each cartridgend reducinghe flow rate to ~InL/min
(or slightly slower).
11.5.6.14If lanthanum was used in alkaline fusion preconcentration steps
(i.e., soil matrix), continue eluting californium aadhericiumby
adding5 ml of 0.25M HCI.
11.5.6.15After the 0.25 M HCI has passed thrbupe column, add 15 mL
0.1M ammonium bioxalate at ~1 mL/min to complete elution of
252Cf from the column.
11.5.6.16Setthe californiumfraction in the plastic tube aside for cerium
fluoride coprecipitationStep 11.6
11.5.6.17Miscard the DGA cartridge.
11.6. Preparation of th&ample Test Source
NOTE: Instructions below describe preparation of a single sample test source (STS). Several STSs can
be prepared simultaneously if a multichannel vacuum manifold system is available.
11.6.1. Pipet 100 pLof the0.5 mg/mLcerium carrier solution into each tube.

11.6.2. Pipet 02 mL 30wt.% H,O, into each tube to prevent any residual uranium
from precipitating.

11.6.3. Pipet2 mL of concentrate@8M) HF into each tube.

11.6.4. Cap the tube and mix. Allosample to sit for ~ 15 minutes before fdring.

11.6.5. Set up a filter apparatus to accommodate-ang% 0.1-micron membrane
filter on a microprecipitation filtering apparatus.

Caution: Following deposition of the microprecipitate, thereis no visible difference between the
two sides of the filter.

11.6.6. If a hydrophobic filter is useddd a few drops of 95% ethanol to wet each
filter and apply vacuum. Ensure that there are no leaks along the sides
before proceeding.

11.6.7. With vacuum applied, add-2 mL of filtered Type | water to each filter and
allow the liquid to drain.

11.6.8. Add the sample to the reservaoir, rinsing the sample tubes with ~3 mL of
water and transfer this rinse to filter apparatus. Allow to drain.

11.6.9. Wash each filter with ~3 mL of water and allow to drain.
11.6.10. Wash each filter with ~2 mL of 95% ethandb displace water.
11.6.11. Allow to drain completely before turning the vacuum off.
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11.6.12. Mount the filter on a labeled adhesive mounting disk (or equivalent)
ensuring that the filter is not wrinkled and is centered on mounting disk.

11.6.13. Place the filter under a heat larffgp approximately 5 minutes or more until
it is completely dry.
11.6.14. Count filters for an appropriate period of time by alpha spectrometry.

11.6.15. Discard the filtrate to waste for future disposal. If the filtrate is to be
retained, it should be placed in a plastic contasnmeseglasswill be
attacked byHF.

NOTE: Other methods for STS preparation, suchas electrodeposition omicroprecipitation with
neodymium fluoride, may be used in lieu of the cerium fluoride micrprecipitation, but any such
substitution must be validated as described iStep1.5.

12.Data Analysis and Calculations

12.1. Equation for determination afitial screeningesult, combinedtandard uncertainty
and radiochemical yield (if required):

12.1.1. The activity concentration of an analyte and its combined standard
uncertainty are calculated using the following equations:

ac o A*RID?,
: Wath3Da3|a

(1)
and

UC(ACa):JUZ(Ra)g A RDDI ; +chs%y/§?)+uv(\\//;/a)+u F(;[)g 2)

where:
AC

activity concentration of the analyte at timecoflection (or other
reference time)in picocuries per grargpCi/ L, g, swipe, samp)e
A = activity of the tracer added to the sample aliquemthe tracer
solutionits reference time (pCi)

Ra = net count rate of the analyte in the defined region of interest (ROI),
counts per secon@ps)

R = net count rate of the tracer in the defined Rpk)

W, = size of the sample aliquant (L, g, swipe, sample

Dy = correction factor for decay of theatrer from its reference date and
time to the midpoint of the counting period

Da = correction factor for decay of the analyte from the time of sample
collection (or other reference time) to the midpoint of the counting
period

l¢ = probabi | it ynthetefindd ROhpersdscaymithe tracer
(Table 17.1)

la = probability of U emission in the
(Table 17.1)
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u(AC;) = combined standard uncertainty of the activity concentration of the
analyte pCi/ L, pCi/g, pCi/swipepCi/sampl¢

u(A) = standard uncertainty of the activity of the tracer added to the sample
(pCi)

u(Ry) = standard uncertainty of the net count rate of the anag/t)e (s

u(Ry) = standard uncertainty of the net count rate of the tracgr (s

uW, = standad uncertainty of theize of thesample aliquantveight(L, g,

swipe, sample

NOTE: The uncertainties of the decayorrection factors and of the probability of decay
factors are assumed to be negligible.

NoTE: The equation for the combined standard unceainty (U(ACy)) calculation is arranged to
eliminate the possibility of dividing by zero ifR, = 0.

NOTE: The standard uncertainty of the activity of the tracer added to the sample must reflect
that associated with the activity of the standard reference material and any other significant
sources of uncertainty such as those introduced during the preparation of ¢htracer solution

(e.g., weighing or dilution factors) and during the process of adding the tracer to the sample.

12.1.2. The net count rate of an analyte or tracer and its standard uncertainty are
calculated using the following equations:

R< - & _ CbX
ts tb
and
cC. +1 C, +1
u(R,) =J e
ts tb
where:
R« = net count rate of analyte or tragep9
Cx = sample counts in the analyte or the tracer RD)
ts = sample count time (s)
Cox = background counts in the same ROI as for x
ty = background count time (s)
uR) = standard uncertainty of the net count rate of tracer or an&ps’

If the radiochemical yield of the tracer is requested, the yield and its combined
standard uncertainty can be calculated using the following equations:

2 For methods with very low counts, MARLAP Section 19.5(R&ference 16.2ecommends adding one count
each to the gross counts and the background counts when estimating the uncertainty of the resjpectivs.
This minimizesnegative bias in the estimate of uncertainty pralects againstalculating zero uncertainty whan
total ofzero counts are observém the sample and background
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Y= R
00372 A3D,3 1. 3%e
and
2 2 2
R A e
where:
RY = radiochemical yield of the tracer, expressed as a fraction
Re = net count rate of the trac@ps)
A =  activity of the tracer added to the sample (pCi)
D¢ =  correction factor for decay of the tracer from its referatate and
time to the midpoint of the counting period
It = probability of U emission in the d
(Table 17.1)
0 = detector efficiency, expressed as a fraction
u(RY) = combined standard uncertainty of the radiochemical yield
uR) = standard uncertainty of the net count rate of the tracer, in counts per
second
u(A) = standard uncertainty of the activity of the tracer added to the sample
(pCi)
u(Q = standard uncertainty of the detector efficiency

12.1.3. If the critical level concemation () or the minimum detectable
concentration (MDC) are requested (at an error rate of 5%), they can be
calculated using the following equatiofis:

e &t 0 & 1.0 5t o
€0.43 %ts- 1§+ 0.677° g+ t—5§+1.6453 (Rbatb +0.4)3 Ls g+ tsgﬁ’ SA3D 3 I,
z C'b - C t, = ty C Ly —H
LC_ tSSWa3R[3Da3|a
& & 10 & 1 0
.713 §+:S§+3.293 \/Rbatsf*’ §+:S§ﬁ S A3D I,
mMpc=& & 7 ¢ >

tSSWas R[3 Da3 Ia

where:
Roa = background count rate for the analyighe defined RO(cps)

% The formulations for the critical level and minimum detectable concentration are based on the Stapleton
Approximaion as recommended in MARLAP Section 20A.2.2, Equations 20.54 and.20Arl Equation 20.74,
respectively (Reference 16.2). The formulations presented here assume an errdd ¥a®e08tb = 0.05 (with z; g
= 7575 = 1.645) andl = 0.4. For methods with very low numbers of counts, these expressions provide better
estimats than do the traditional formulas for the critical level and MDC.
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12.2. Results Reporting

12.2.1. The following data should be reported for each result: volume of sample
used; yield of tracer and its uncertainty; and FWHM of each peak used in
the analysis.

12.2.2. The following conventions should be used for eashlte
12.2.2.1Result in scientific notation £ combined standard uncertainty.

13.Method Performance
13.1. Method validation results are to be reporéed documented as required

13.2. Expected turnaround time per batdhl0-20 samples plus QGrom aliquanting
throughmicroprecipitation and countingsing a vacuum box system

13.2.1. Forwater samples;8 hours

13.2.2. Forswipe or organikpolymerbased air particulate filter sampled,1 %
hours

13.2.3. Forair particulate filter samples10 hours
13.2.4. Forsoil samples, ~94 hours
13.2.5. See Setion 17.4 for detailed flow charts and estimates of time required.

14.Pollution Prevention: The method utilizes small volume (2 mL) extraction chromatographic
resin columns. This approach leads to a significant reduction in the volumes of load, rinse
andstrip solutions, as compared to classical methods using ion exchange resins to separate
and purify thecaliforniumfraction.

15. Waste Management
15.1. Types of waste generated per sample analyzed

15.1.1. Approximately 210 mL basic waste from the initial preconcentraifon
water samples

15.1.2. Approximately 5570 mL of acidic waste from loading and rinsing the two
extraction columns will be generated.

15.1.3. Approximately 2535 mL of acidic waste from the microprecipitation
method for source preparation will be generated. The wastains 1 mL
of HF and ~ 5 mL of ethanol.

15.1.4. TEVA® cartridgei ready for appropriate disposal.
15.1.5. DGA cartridgei ready for appropriate disposal.

15.1.6. The sample test source consisting of a polypropylene filter disk with ~100
micrograms of cerium fluoride.

15.1.7. These vaste streams may contain low level$‘8Am (added as tracer),
252250t (added to LCS) and other radionuclidesresy bepresent in
samples.
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16.

15.2.

Evaluate all waste streams according to disposal requirements by applicable
regulations.
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17. Tables, Diagrams, Flow Charts, and Validation Data

17.1 Tables

Table 17.1 Alpha Particle Energies and Abundances of Importanfe

Nuclide Half-Life o Abundance UEmission

(Years) (s Energy (keV)
0.816 6118
22t 2.645 8.304x10 11 0.152 6076
0.0023 5977
0.8258 6030
20cf 13.08 167910 ° 0.1711 5990
0.00283 5891

2521250 [2] 2.645 8.304x10 11 0.970° 6118/6030/6076
0.0016 5349
0.0016 5321
3Am 7.370%x10° 2.98x10 ' 2 0.871 5275
0.112 5233
0.0136 5181
243am [ 7.370x10° 2.98x10 1?2 0.9998"! 5275
0.026) 6078
0.125 6017
0.008 5946
0.276 5854
0.0400 5817
25 F11 0.02% 5798
ct 898 2.45%10 003 =66
0.354 5679
0.033) 5651
0.049 5635
0.010 5569
0.010 5567
0.024® 6194
0.0133 6139
0.00346 6072
o1 0.0333 5946
Cf 351 6.258E11 0.0321 5903
0.014 5849
0.822 5813
0.0469 5760
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Nuclide Féi';;gf (ga;) Abundance Er?erg)l/z (:\n/ltlavi st o
0.0037 5545
0.00225 5512
2Am 432.6 5.077x16** 0.848 5486
0.131 5443
0.0166 5388
0.0150 6066
0.047 6058
0.010968 6010
0.0568 5992
243, 291 7 55x10 1 © 0.0069797 5876
0.730 5785
0.115 5742
0.015954 5686
0.0019942 568
0.0013959 5639
24cm 6614.6 3.321x10 2 0.760 5805
0.2310 5763
245Cm 4760 4.61x10 12 0822 il
0.178 5344
*cm 348,000 6.31E14 0.750 5078
0.1652 5035

I Only the particle energider themost abundaralpha emission intensitiésve been noted here.

(2 This line shows the haiflife, summed alpha emission intensity and the approximate peak centroid energy for
the region of interest used to calculate results for the listed nuclide or nuclide combination based on alpha
particles emitted by the radionucli{@g that fall in the region of interest. The laboratory may need to adjust
these values depending on the region of interest established for a given radionuclide.

I The region of interest used for the calculation of?fR&°Cf summed abundance Indes the alpha emissions of
252Cf (6118 6076 5977keV) and®*°Cf (6030 5990 5891keV).
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Table 172 Alpha EmissionsSorted by DecreasingEnergy

Half-life > h-emission energy
Isotope | (years) (sec) (keV) Abundance| Uncertainty
249cf 351 | 6.25810™ 6194 0.02460 0.00020
249cf 351 | 6.25810™ 6139 0.0133 0.0010
2Cf | 2.645 | 8.304x10%° 6118 0.816 0.003
it 898 | 2.45<10 6078 0.0260 0.0010
2Cf | 2.645 | 8.304x10%° 6076 0.152 0.003
2Cm | 29.1 | 7.55x10% 6066 0.0150 0.0020
Cm | 29.1 | 7.55x10% 6058 0.047 0.003
#0cf | 13.08 | 1.67%10% 6030 0.8258 0.0011
Bt 898 | 2.45<10" 6017 0.125 0.003
Cm | 29.1 | 7.55x10% 6010 0.010968 --
Cm | 29.1 | 7.55x10% 5992 0.0568 0.0020
#0cf | 13.08 | 1.679%10% 5990 0.1711 0.0011
Z2cf | 2.645 | 8.304x10%° 5976 0.0023 0.0004
it 898 | 2.45<10™ 5946 0.0060 0.0006
249cf 351 | 6.25810™M 5946 0.0333 0.0003
249cf 351 | 6.25810™M 5903 0.0321 0.0003
20cf | 13.08 | 1.679%<10% 5891 0.00283 0.00015
it 898 | 2.45<10™ 5854 0.276 0.005
Cm | 29.1 | 7.55x10% 5876 0.0069797 --
249ct 351 | 6.25810™ 5849 0.0143 0.0020
»4cf | 0.1656 | 1.33x10Y 5833 0.00257 0.00018
2Cm | 18.11 | 3.321x10%? 5805 0.7690 0.0010
Bt 898 | 2.45<10 5817 0.0400 0.0020
249ct 351 | 6.25810™ 5813 0.822 0.005
Blct 898 2.45E11 5798 0.0250 0.0020
Cm | 29.1 | 7.55x10% 5785 0.730 0.023
it 898 | 2.45<10™ 5766 0.0360 0.0020
2Cm | 18.11 | 3.321x10% 5763 0.2310 0.0010
249cf 351 | 6.25810™ 5760 0.0469 0.0005
Cm | 29.1 | 7.55x10% 5742 0.115 0.005
Cm | 29.1 | 7.55x10% 5686 0.015954 --
Cm | 29.1 | 7.55x10% 5682 0.0019942 --
it 898 | 2.45<10" 5679 0.354 0.005
it 898 | 2.45<10" 5651 0.0330 0.0020
Cm | 29.1 | 7.55x10% 5639 0.0013959 --
it 898 | 2.45<10" 5635 0.049 0.0020
it 898 | 2.45<10" 5569 0.010 0.010
Blct 898 | 2.45<10™ 5567 0.010 0.010
2Am | 432.6 | 5.07%&10" 5545 0.0037 0.0003
2Am | 432.6 | 5.07%&10" 5512 0.00225 0.0005
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Half-life > h-emission energy

Isotope | (years) (sec) (keV) Abundance| Uncertainty
2Am | 432.6 | 5.07%&10™ 5486 0.848 0.005
Am | 432.6 | 5.07%&10™ 5443 0.131 0.003
Am | 432.6 | 5.07%&10M 5388 0.01660 0.00020
2Cm | 4760 | 4.61x10% 5387 0.822 0.012
3Am | 7,370 | 2.980x10™ 5349 0.0016 0.0007
2Cm | 4760 | 4.61x10% 5343 0.178 0.012
3Am | 7,370 | 2.980x10% 5321 0.0016 0.0003
3Am | 7,370 | 2.980x10% 5275 0.871 0.003
3Am | 7,370 | 2.980x10% 5233 0.112 0.003
3Am | 7,370 | 2.980x10% 5181 0.0136 0.0010

17.2

17.3

130

Ingrowth Curves and Ingrowth Factors
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Spectrum from a Processed Sample
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17.4 Decay Schemes
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17.5 Flow Chart and Timeline

Sample Preparation Scheme and Timeline for the
Determination of 252Cf in Water Samples

Aliquant preparation batch

Aliguant 200 mL for each sample and QC sample into
centrifuge tubes (11.1.1-11.1.2.)

Acidify with HNO, to pH <2 (11.1.3.)

Add 252Cf to LCS and 2*3Am tracer to all samples

(11.1.4.-11.1.5))
v

Calcium phosphate preconcentration and preparation
of load solution

Add 1 mL 1.5 M Ca(NO,),, 3 mL 3.2 M (NH,),HPQO,,
and 2-3 drops phenolphthalein indicator (11.1.6.)

Add 15 M NH,OH to dark pink phenolphthalein endpoint
to precipitate Ca;(PO,), and centrifuge (11.1.7.)

Decant supernate to waste (11.1.8.)

Dissolve Cas(PO,), with 7 mL 6M HNO, and 7 mL 2M
Al(NO;); Add HNO; if needed for dissolution. (11.1.9.)
Continue with Section 11.5.

\

Adjust Pu to Pu**

Add 0.2 mL 1.5 M sulfamic acid and swirl to mix
(11.5.1))

Add 1.25 mL 1.5 M ascorbic acid and swirl to mix, and
wait 3 minutes (11.5.2))

Add 1 mL 3.5 M sodium nitrite and swirl to mix
(11.5.3))

Add 1.5 mL conc. nitric acid and swirl to mix (11.5.4.)

Vacuum box setup

Assemble TEVA® + DGA
cartridges on vacuum box
(11.5.51.-11.5586.)
Condition cartridges with 5
mL 3M HNO; and adjust
flow to ~1 mL/min
(11.5.5.7.-11.5.5.8)

V

Load sample onto TEVA® & DGA cartridges

+ Load sample onto column @ 1 mL/min (11.5.6.1.)

+ Add 5mL 6 M HNO;, tube rinse to column @ ~2 mL/min (11.5.6.2.)
*+ Rinse column with 5 mL 6 M HNO; @ ~2 mL/min (11.5.6.3.)

Discard TEVA® cartridge, and load
and rinse solutions and place fresh
reservoirs above each cartridge
(11.5.6.4.)

Continue with Step 11.5.6.5.
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